INTRODUCTION
During the last decade much effort has been devoted in the synthesis of radiation resistant siloxane based scintillators to detect with good light output both γ-rays and α particles [1] [2] [3] . Moreover, liquid siloxane based scintillating cocktails have been prepared and recently tested as for fast neutrons detection and n-γ discrimination [4] . The detection of thermal neutrons using boron loaded siloxane scintillator has been also pursued, by using soluble compounds of boron, such as carborane [5] . Quite recently, 6 LiF nanoparticles have been synthesized and entrapped in siloxane based scintillators and thermal neutrons have been detected, owing to the capture reaction on 6 Li leading to α and triton ionizing particles [6] . Good performances have been achieved both using boron or lithium compounds dispersed into the doped polymer matrix, though the light output is much lower than ZnS:Ag based standard detector, one of the most popular thermal neutrons detector. The commercial plate for thermal neutrons, namely EJ-426 (Eljen Technology) or the BC-700 series (Saint Gobain), is based on a powdery mixture of the inorganic phosphor ZnS:Ag, which is known to display extremely high light output (around 50 photons/KeV), and micron-sized particles of 6 LiF as thermal neutron sensitizer. The range of penetration of both the generated particles inside the 6 LiF particle, alpha and triton, resulting from the capture reaction 6 Li (n,α) 3 H is about 30 µm for tritons and 6 µm for alpha. Therefore, the use of nanoparticles could lead to greatly improved light output, owing to the increased interaction of ionizing particles with the surrounding light emitting phosphor. On the other hand, the entrapment of the mixture in elastomeric binders such as polysiloxane allows for the production of flexible thermal neutron detectors, with remarkable advantages on their application to different fields. In this work, the preparation of 6 LiF nanocrystals has been pursued by co-precipitation technique, using a mixture of water and co-solvent in different ratios. In this preliminary step towards the realization of a new detector, the commercial inorganic phosphor ZnS:Ag (EJ-600) has been used as scintillating medium. A fixed weight ratio of 6 LiF nanocrystals and EJ-600 phosphor has been chosen, namely 3:1 EJ-600: 6 LiF, whereas different amounts of the mixture have been added to the polysiloxane binder. The composites have been benchmarked as for light output and thermal neutrons detection efficiency against a commercial sample of EJ-426-PE taken as a reference.
EXPERIMENTAL
For the preparation for the 6 LiF nanocrystals, 6 Li metal (Spectra 2000, enrichment 95%) has been cut from an ingot and made to react with hot diluted hydrochloric acid. The as produced 6 LiCl has been dissolved in water:ethanol mixture in different ratios (1:0, 1:3, 0:1). Ammonium fluoride NH4F was also dissolved in the same mixture (0.2 M) and added dropwise to the 6 LiCl solution [7, 8] . After stirring for 2 h, the nanoparticles of 6 LiF have been recovered by centrifugation and washed several times with ethanol. Then the powder has been characterized as for the crystal structure by HR-XRD (Panalytical, MRD), while the composition and morphology have been investigated by SEM-EDS (Tescan). The phosphor powder EJ-600 has been mixed in an agate mortar with 6 LiF and then added with the siloxane resin already prepared for cross-linking. For the present case two different siloxane resins, PSS100 and PSS22, have been chosen. Cf source, moderated with 6 cm of polyethylene bricks. The contribution from γ-rays has been blocked using 1 cm of lead. 6 LiF crystals are reported in Figure 2 . It can be seen that the preparation of 6 LiF in pure ethanol as solvent lead to nanocrystals with size in the order of 100-200 nm, whereas the synthesis in water produces larger size grains with a broad distribution in size, shapeless agglomerates and sort of acicular crystals. Fig. 2 . SEM-EDS analyses of 6 LiF crystals synthesized in ethanol or water solvent.
RESULTS

SEM-EDS analyses of the
HR-XRD on the samples of 6 LiF powders showed high crystallinity degree, with the pattern matching that of pure griceite, apart from the sample obtained in pure water which shows a discrepancy in the intensity ratio, as can be seen in Figure 3 . Therefore, it can be inferred that the precipitation in water leads to high rate, non-controlled crystals growth, which probably produces also fluoride grains with different phases. Fig. 3 . XRD patterns of 6 LiF prepared by co-precipitation.
Samples containing both 6 LiF and EJ-600 have been then analyzed by spectrofluorimetry. All the samples display the maximum emission at around 450 nm (λex 340 nm), as expected from the presence of ZnS:Ag (spectra not reported). As for thermal neutron detection capability, the samples exposed to moderated 252 Cf source show the pulse height spectra reported in Figure 4 .
The relative efficiency of our detectors can be evaluated in comparison with EJ-426, since all the acquisition parameters have been kept constant. It turns out that the efficiency is around 30% vs EJ-426, irrespectively of the sample thickness and PSS type. This leads to the conclusion that the entrapment of 6 LiF nanocrystals is not sufficient to improve the response to neutrons. Further investigation on the morphology of our composites demonstrated that the three components mixture is not homogeneous: the nanocubes are segregated in certain areas and adjacent to the large irregular ZnS:Ag grains, as can be seen in Figure 5 . Hence, it can be inferred that ionizing particles escaping from each nanocube after thermal neutron capture are not impinging on the light emitting phosphor but lose their energy, at least partially, in adjacent siloxane matrix and other 6 LiF nanocrystals, with consequent severe light and efficiency loss of the whole system. One way to improve thermal neutrons response could be the mixing of particles with the same size in the "nano" range, thus the synthesis of ZnS:Ag nanoparticles should be pursued.
